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An investigation  has been  conducted i n   t h e   L a g l e y  4- by &-foot 
supersonic  pressure  tunnel t o  determine the e f f ec t s  of dng and 
horizontal- te i l   ver t ical   locat ion OII the  aerodynamic c ’mac te r i s t i c s  
i n   s i d e s l i p  at various  angles  of  attack  ?or a sugersonic airplane con- 
figuration a t  Mzch numbers of 1.41 and 2.01. The basic model was 
equipped  with a wing w d  horizontal tai l ,  each  having 4 5 O  sweep and 
an  aspect   ra t io  03 4. The wing had a t ape r   r a t io  of 0.2 and NACA 
65~004  sections;  the horizontal tai l  had a taper   re t50 of 0.4 and NclCA 
631006 sections. 

The configwetions  iwrestigated  included a high-wing, a midwing, 
and a low-wir-g arrangement, and four  different  horizontal-tail   loca- 
tFons varying f r m  a posit ion 0.208  semispan  below t o  0.556 semispan 
above the body center   l ine.  Tests vere made with the  horizontal  tail 
on and ofT, Vie ver t ica l  tail on and off,  an-d. w i t h  the  - ing  both on and 
of f .  In  eddition, the midwing configuration w i t h  horizontal t a i l  off 
w e s  tested  with e series 03 ver t i ca l  tai ls  having  qmrter-chord-line 
sweeps of 10 .ao, 35O,  L7O, and 60°. 

The resul ts   indicated that the d i r e c t i o c a l   s t z b i l i t y   i n  the Mach 
number raage ?ran 1.b t o  2.0 w a s  higher fo r  the low-wing cozlfiguration 
and  lower fo r  t’ne high-ving  configuretion as a result, pr iaar i ly ,  of 
the induced sidewash ef fec ts  on the afterbody end tai l .  The use of the  
high wing provided a posit ive dihedral e f fec t  whereas the use of the low 
wing provicied a negative  dihe&al  effect.  In  general, the e f f ec t s  of 
wing posit ion on d i rec t iona l   s tab i l i ty  and ePfect5ve  dihedral were simi- 
lar to   those   tha t  occur at subsonic  speeds. 
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The experimentally  determined  effects of wing and t a i l  posit ion on 
the aerodynaxic  charecteristics of generalized  aircraft  configurations 
can be of considerable  usefutlness t o  the designer i n   t h e   e s t i m t i o n  of 
t he   s t ab l l i t y  an& performar?ce of similar specific  configurations.  In 
addition,  such  generalize6 results m y  be useful  in  the  evaluetion of 
various  calculetive nethoOs fo r  the prediction of the aerodynamic charac- 
t e r i s t i c s  of airplanes. A considerable m u n t  of such  experimental data 
i s  available at low speeds ( r e l s .  1 t o  4, for exanrple) wherein the  inf lu-  
ence of both  plan  fom end posit ion of wings and tails has been deter- 
mined fron wind-tunnel t e s t s  of models simulating  high-speed a i r c ra f t .  
SimLlar investigations have been  extended t o  high subsonic L%ch numbers 
(lor example, r e f s .  5 t o  9 )  and some resu l t s  concerning the ef fec ts  of 
t a i l  and wing location on the  longitudinal and lateral c h r e c t e r i s t i c s  
o l  some rocket-propelled models mve been obtained  through the t rmsonic  
spee6. range ( r e f s .  10 t o  12) . A lilrilted amam-t of such  experimental 
deta i s  avai lable   in  the supersozlic speed range. One exanple i s  the  - 
investigation  reported  in  reference 13 i n  which the ef fec ts  of ving 
ver t ical   locat ion on  t’ne longitudinal  characterist ics of wing-bo8y  con- 
binstions were deternined  in the Mach nunber range from 0.61 t o  0.91 and + 
f ron 1.20 t o  1.90. 

I n  order t o  provide  additional  results of general   interest  t o  the 
designer for the supersonic speeci range,  an  investigation has been con- 
ducted  in  the Langley 4- by &-foot  supersonic  pressure  tunnel at Mach 
n u h e r s  of 1.41 and 2.01 t o  deternine  the  effects of wing ver t ica l  
location and horizontal-tail   vertical   location on the  longitudinal and 
lateral aerodynamic Characteristics of a complete model having a 
45O swept wing and ta i l .  The basic results, without  analysis,  are  pre- 
sented  for a Mach  number of 2.01 in   reference 14. An ma lys i s  of the 
e f fec ts  of wing vertical   location and geometric  dihe&al for   the wing- 
body combination a t  a Mach number of 2.01 i s  presented  in  reference 15. 
The s t a t i c   l ong i tmine1   s t ab i l i t y  and control  charecterist ics a t  e Kkch 
nunber of 2.01 for the high-wing, midwing, and low-ving conligurations, 
each with four  diTferent  vertical  positions of the horizontal tail, are 
presented i n  reference 16. This  paper  presents  the  static lateral and 
d i rec t ione l   s tab i l i ty   charac te r i s t ics  a t  Mach numbers of 1.41 and 2.01 
for  various wing mti t a i l  arrangenents. 

The resu l t s   a re  presenteed as coefficients of forces and moments 
re fer red   to  the body axes  system ( f i g .  1) with the  reference  center of 
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located  et 25 percent  of  the  wing mean geometric  chord.  The 
are  defined  as follows: 

lateral-force  coefficient, 

rolling-mozeat  coefficient, 

yawing-rnoraect  coefficient, 

force  along  Y-axis 

monent  about X-exis 

moment  =bout  Z-axis 

free-stream Qnamic pressure 

wing  area  including  body  intercept 

exposed  area of vertical  tail 

wing  spa2 

chord 

wing mean geometric  chord 

angle of attack,  deg 

angle of sideslip,  deg 

angle of sweep,  deg 

faper  ratio 

aspect  ratio 

MAch nwnber 

directional  stability  derivative 

effective  dihe&ral  derivative 
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cyP 
lateral-force  derivative 

Designation of airplane  cmponents: 

B born 

W wing 

v vertical  tail 

H horizontal  tail 

Subscripts: 

H high 

L 1 OV 

MODEL AND AF5mTUS 

A drawing of the  model  is shown in  figuse  2(a)  and  the  geometric 
characteristics of the  model  are  ?resented  in  table I. 

The  nodel  fuselage WES a body of revolution  having a length-diameter 
ratio of about 11 m d  gas  conposed of a 3.5-caliber  ogive  nose, a cylin- 
drical  midsection,  and a slightly  boattail  rear  section.  The  fuselage 
coordinates  are  given  in  table 11. The  wing had a quarter-chord-line 
sweep  of h50t an aspect  ratio of 4, a taper  ratio of 0.2, and NACA 
6y\-004 sections  in  the  stream  direction.  The  horizontal  tail  had a 
qusrter-chord-line  sweep  of 45O, a" aspect  ratio of 4, a taper  ratio 
03 0.6, and M C A  65~006 sections in the  strean  direction.  The  model 
was  equipped  with a vertical  tail  with  relatively  thick  slab-type  sec- 
tions  to  facilitate nomting of %he  horizoxtal  tail  and a smll ventral 
fin.  The  position  of  the  horizontal  %ail  vas  variable from a point 
below  the  body OTL t'ne ventral  fin (0.20&/2 below body center  line; 
designated  tail  gosition  nurr?ber 4) to three  positions  above  the body on 
the  vertical  tail  (0.20&/2, 0.38273/2, and  0.556b/2  above body center 
line;  designated  a6  tail  positions 3, 2, and I, respectively).  The 
unpermost  location  (tail  position 1) was ato;? the  vertical taFl and 
corresponded to a T-tail  arrangenerrt. A series of swept  vertical  tails 
having  hexagonal  sections v a s  also  provided.  (See  fig.  2(b) .) The  model 
was designed so tht the  wing  could  be  located  in a low, midfile, or high 
position. Tie dihedral  and  incider-ce  angles of tne  wing  and  horizontal 
tail  vere  zero. 



Force measurements were mede through the  use of a six-conponent 
internal  strain-gage  balm-ce. The tests were made i n   t h e  Langley 4- by 
4-foot  supersonic  pressure  tunnel which is described i n  reference 17. 

TESTS, CORRECTIONS, AND ACCURACY 

The conditions  for the t e s t s  were: 

Mach nunber . . . . . .  . . . . . . . . . . . .  1.41 2.01 
Stagnation temperature, % . . . . . . . . . . .  100 110 
Stagnation  pressure,  lb/sq  in. abs . . . . . . .  10 12 

Reynolds number based on E . . . . . .  1.72 x lo6 1.66 x lo6 

The stagnation dewpoint was malntained  sufficiently low (-25O F or less) 
s o  that no condensation effects were encountered i n  the test section. 

The s t ing  angle was corrected  for  the  deflection under  loa&. The 
Mach nunber variatioll   in  the test  sectioa was approximately f0.01 sad 
the flow-smgle vexiation i n   t h e   v e r t i c a l  and horizontal  planes did not 
exceed &bout k0.1'. 

The estimated errors   in   the  individual  measured quantit ies are as 
follows : 

cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.001 
Cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *O.OOO5 
C2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *O.OOO4 
p , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . .  *O .2 
a , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . .  i-0.2 

DISCUSSION 

The variations of Cny C2, and 9 uith  angle of s ides l ip  a t  
angles or" aktack of apgroximately Oo and 15.3O for various  configura- 
t ions a t  M = 1.41  are shown in   f i gu res  3 t o  5 .  These figures which 
are typica l  of  tine data obtained  serve to   ind ica te   the   l inear i ty  of the 
results.  VarFations of the sideslip  derivatives Cnp, C Z B ~  ckp 
tbxoughout the  engle-of-ettack  rmge f o r  M = 1.41 were Kcen determined 
with the increnents  obtained from t e s t s   i n  which tiie sideslip  angle was 
held  constant a t  Oo and bo while  the  angle of a t tack  wes varied. 



- 
The sideslip  derivatives  for  the  bssic model a t  M = 2.01 were 

obtained from reference 14, the  necessary  conversions  being made from the 
stabil i ty-exes system t o   t h e  body-axes system. .. 

Elfects 02 Wing Position 

Directional  stsbi1hty.- The effects  of Xing posit ion on the  direc- 
t iona l   chwacter i s t ics  throughout the  angle-of-attack  range  for  various 
model configurations  are  presented  in  figure 6 for  M = 1.41 and 2.01. 
In   general ,   the   direct ional   s tabi l i ty   der int ive Cn8 v i th   t he  t a i l  on 
is kighest  for  the law-wing configuration and lowest for the high-wing 
configuration at both bhch numbers. A t  t'ne higher  angles of attack, 
Cn8 decreeses  for  eacb wing position. With the ve r t i ca l  t a i l  off, an 

opposite  effect   occuss  in  that   the  level of i n s t ab i l i t y  a t  angle of 
a t tack  i s  less for  the  high wing and greaker  for  the low wing. These 
e f fec ts   a re  similar to   those   tha t  occur at subsonic  speeds.  (See r e f .  1.) 

These characterist ics  apparently  result   in  part  f r m  the sibewash 
distur3ance caused by the wing-body juncture.  This sidewash, as pointed 
out in  reference 1, resu l t s  from the   d i f fe ren t ia l  w i n g  pressures  near 
Vne wing root t h a t  are created by the lateral cmponent of velocity due 
t o  s idesl ip .  For the high-wing case Y?is  sidewash is  adverse shove and 
favorable below the center of the wing wake. T'ne reverse i s  true for 
the lov-wing case. Hence, st zero  sngle of st tack, the afterbody l ies  
in   t he  saxe  type of flow  region  for  either wing position and the  values 
of C for the  tat l-off  configurations  are  essentially unchanged by 
wing position. With increasing  angle of attack,  the low-wing arrange- 
ment  becomes increasingly Lznsteble since  the efterbody moves do-m through 
a region of adverse  sidewash. For the high-wing arrangensnt,  there is 
sone reduct ion  in   the  instabi l i ty  wit:? increasing  angle of a t tack as 
the  afterbody moves  down througl? a region of favorable sidewash and in to  
an  undisturbed flow region. 

With the  addition of t're v e r t i c a l   t a i l  a t  a = Oo, each  configu- 
ra t ion  becomes stable a t  bo%h Mach numbers. However, the ta i l  contri- 
bution t o  Cy and C i s  less  with  the high wing since  this  arrange- 
nent  places the t a i l  i n  a region of adverse  sidewash. With increasing 
angle of attack,  the t a i l  contribution  continues to decrease for the 
'nigh-wing m m g e n e n t  as the t a i l  passes  through  the  region of adverse 
sibevash. For the low-ving srrangexerri;, there i s  some increase  in  t a i l  
contribution  with  ir-creasing &=le of a t tack  as   the t a i l  passes througi 
g. region of favorable sidewash. 

3 nP 



J!IACA Rpli LS7J25a c - .  - ,  . ,.. -c 7 

c There i s  r e l a t i v e l y   l i t t l e  change ir- C with engle of a t tack   for  nP 
the  midwing and wing-off configurations w i t h  the t a i l  removed except a t  

since at the lower angles of a t tack these arrangements sre essent ia l ly  
symmetric  whereas a t   t h e  higher  angles of e t tack  there  is a poss ib i l i ty  
of esymaetric  vorticity  appearing  in the body flow field.  

- the  hi&er  angles  of  attack et E4 = 2.01. This result might be expected 

The mid-wir!; and  wing-off configurations becoue s table  when the ver t i -  
c a l  t a i l  i s  added. However, with increasing  angle of attack, the te i l  
contr ibut ions  to  and C for  these  configurations  also  decrease 

end, i n   f ac t ,   t he  wing-off model a t  M = 2.01 becomes direct ional ly  
m-stable. T h i s  r e s u l t  is an indicetion of the  effect  of forebody vortic- 
i t y  OII the t a i l  contribution. T h i s  e f fec t  is also  present  for the wing-on 
cases and the resu l tan t   d i rec t iona l   c lmacter i s t ics  are caused by a com- 
bination of the forebody vor t ic i ty  and the  ving-body induced  disturbance. 
It is  in te res t ing   to   no te  that, f o r  the tail-on  co-nfigurations et the 
higher  angles of a t tack   for  M = 2.01, the  addition  of  the wing resulted 
i n  higner  stabil i ty  than  that   obtained for the ving-off  case. The f a c t  
that this w a s  t rue  even fo r  the high-wing  arrangement, which i n   i t s e l f  
provides a destabilizing  sidevash a% the teil, k d i c a t e s  thak %he posi- 
t ion  and possibly the existence of the  forebody  vortex is affected by 
the  presence of the high - ing .  

cyP "P 

It might be pointed  out that, in   addi t ion  t o  the emected  difference 
i n   l e v e l  i n  C and Cy between M = 1.41 an& 2.01, the ef fec ts  of 

wing height appear t o  be less a t  tAe higher Mach cumber. This condition 
may r e s u l t   i n  par t  from a reduction i n  vo r t ex   s t r eneh   fo r  tne wing-body 
induced flo-ws as the wing lift-curve  slope  decreases. Hovever, tine 
decrease i n  wing-height e f fec ts  a t  M = 2.01 might a l so  be  expected 
because of the  lover t a i l  l if t-curve  slope which, even f o r  a constmt 
sidewzsh engle at the %ail, would r e s u l t   i n  a smaller increnental change 
i n  t a i l  contribution. 

P 

An eddi t ional   effect   to   coasider  is the change w i t h  Engle of a t tack 
of the dynamic pressure  in  the wing f l b w  field. Thls change involves  an 
increase  in  dynamic pressure below the wing and a decrease i n   d y n d c  
pressure above the wing f o r   p o s i t i v e   c g l e s  of a t tack.  Tine effects of 
these changes are re la t ive ly  smll up t o  M = 2. Above M = 2, however, 
the dynamic-pressure ch.mges become large and, wher- coupled w F t h  t he   f ac t  
t'cat the wing Ikch  l ines   are  swept beck more nearly  over the afterbody and 
tail, may outweigh the   e f fec ts  of vor t ic i ty .  

Effective dihedral.- For both l&ch numbers the  effect  of wing posi- 
t i o n  on the rolling-moment character is t ics  i s  t o  increase the dihedral 
e f fec t  (-Cze) Tor the  high wing and t o  reduce the dihedral efzect   for  the 
low king  with tine ve r t i ca l  t a i l  on or off .  (See f i g .  6 .  This  change i n  
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dihed_ral effect  i s  sirilar t o  that xhich OCC~Z-~S z t  low speeds ( r e f .  1) 
and i s  a result of the l a t e r a l  component  of velocity  about  the yewed 
boay which induces a p o s i t i v e   l i f t  for the leading wing and a negative 
lift for the t r a i l i n g  -wing for the high-ving Errangerzent whereas the 
osposite  effect  occurs for the low-wing arrangement. 

Effect of Horizontal-Tail  Position 

Directional  stabil i ty.-  T'ne e f l ec t s  of horFzontel-tail  position on 
a t  M = 1.41 and 2 -01 are re la t ive ly  mall. (See f i g .  7. ) In 

general,  the acidi-bion of  the  horizontal ta i l  i n  any posit ion a t  zero 
incidezce  results  in some increase  in  CRp because  of the end-glate 
e f fec t  on the ver t ica l  tai l .  HoMever, s s  pointed  out in   reference 18, 
when the horizontel tai l  i s  deflected  in e, direction  to  provide  lollgitu- 

CnP 

dinal  t r i m  ( t r a i l i n g  eBge a ) ,  the   resu l t  is an increase  in  C 

the low t a i i  and a decrease i n  C fo r  the high tai l .  

Effective  dihedral.- The addition of the horizoztal t a i l  has a 
s ignif icant   effect  on C ( f i g .  7) wherein the low ta i l  provides a % 
reduction  in  dihedral   effect  and the  high t a i l  provides  an  increase i n  
dihedral   effect  a t  both Mack numbers for a l l  wing positions.  This  trend 
is consister?-t witk tht t o  be expected frorn the  interference  effects of 
the  horizontal t a i l  on the ver t ica l  tai l .  The ef2ectiveness of the ven- 
tral  f i n  is  increased by the presence of the low hor i zon ta l   t a i l  so  thet 
En increment of negative  dihedral  effect i s  provided. W i t ? ?  the higher 
tsils, the effectiveness of the upper ver t ica l  teil i s  increased so  that 
an increrent of positive  dihedral  effect i s  provi&eb. 

Effects of Vertical-Tail Sweep 

The effects  of ve r t i ca l - t a i l  sveepback on the s idesl is   der ivat ives  
of t'ne nici-ving c o n r i w a t i o n  i q i t i  the  horizontal  t a i l  off a t  14 = 1.41 
anci 2.01  zre shorn in   f igure  6 .  In  genersl,  the  moderately swept 
(353 and 470) tails cppear t o  qrovicie s l ight ly   bet ter   d i rect ional  chzrac- 
te r i s t ics   than   e i ther   the  10.8~ or 60° swept tails. These results are 
2epender.t -2pm vzriocs  interrelated  effects  that  accompzny such ta i l  
rrodificatims. The change in   l i f t -curve  s lope of the t a i l  with  increasing 
sveepback i s  f a i r l y  smll .  Hovever, with  increasing sweepbaclr the  effec- 
t i v e  mmlzt . z r ~  of the ta i l  imreases  vhile  the  carryover  lateral-force 
in-ierference  effect  betveen  the 'CoQ and the ta i l  decreases. The maxi- 
mu?.?. benefits  of the  effective t a i l  moment arm  and  of the  interference 
e f fec ts  appear t o  occur at the moderate sveeps. 
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Effect  of  Ventral  Fin 

The  effect of the  ventral  fin  on  the  sideslip  derivatives  at M =.2.01 
for  the  midwing  model  wit?  the  horizontal  tail off are  shown  in  figure 9 .  
The  ventral  filz  provides  an  increase  in  lateral  force  and  directional 
stcbility  that  is  relatively  unaffected by increasing  the  angle  of  ettack 
since  the  ventral  Tin  is  located  in an essentially  undisturbed  region of 
flow. 

CONCLUS IONS 

The  results of an  investigation or’ the  static  lateral  and  direc- 
tional  stability  characteristics  of a 45O swept-wing  acrplane  configura- 
tion zt Mach mnbers of 1.41 and 2.01 indicated  the  following  conclusions: 

1. In  general,  the  directional  stability  is  higher for the  lov-wing 
configurations  and  lower  for  the  high-wing  configurations  at  both  Mach 
numbers  as a result,  primarily,  of  the  induced  sidewash  effects on the 
afterbody m d  tail. 

2. The use of the  high  wing  provided EL positive  dihedral  effect 
whereas  the  use  of  the  low  ving  provided a negative dihehal effect for 
the  configuretiolz  either  with  or  -without  the  verticel  tail. 

3 .  In general,  the  effects  of  wing  position  on  the  directional 
stability  and  effective  dihedral  were  the s m ~  as  those  that occur at 
sEbsonic  speeds. 

LaEgley  Aeromutical  Lzboratory, 
National  Advisory  Connittee for Aeronautics, 

Langley  Field,  Va.,  October 7, 1957. 
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Wing : 
Area. sq i n  . . . . . . . . . . . . . . . . . . . . . . . . .  144 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . .  10 
T i p c h o r d . i n  . . . . . . . . . . . . . . . . . . . . . . . .  2 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.2 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  4 
Meen geometric chord. i n  . . . . . . . . . . . . . . . . . .  6.89 
Spmwise  location of mean geometric chord. percent 

wing semispan . . . . . . . . . . . . . . . . . . . . . .  38.9 
Incidence. deg . . . . . . . . . . . . . . . . . . . . . . .  0 
Sweep of quarter-chord  line. deg . . . . . . . . . . . . . .  45 
Airfoil   section . . . . . . . . . . . . . . . . . . . .  NACA 65~0oL 

. 
Horizontal tai l :  

kea .  sq i n  . . . . . . . . . . . . . . . . . . . . . . . . .  28.6 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  10.73 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . .  3.353 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  2.012 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.6 
Aspec t r a t io  . . . . . . . . . . . . . . . . . . . . . . . .  4 

Airfoil   section . . . . . . . . . . . . . . . . . . . .  NACA 65~006 
Sweep of quarter-chord  line. deg . . . . . . . . . . . . . .  45 

Basic ve r t i ca l  t a i l  (excluding  ventral  fin): 
Area t o  body center  line. sq i n  . . . . . . . . . . . . . . .  43.5 

Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  3-44 

Spen from body cenker l ine .   in  . . . . . . . . . . . . . . .  7.48 
Root chord et b d y  center  line. i n  . . . . . . . . . . . . .  8.17 

Tape r ra t io  . . . . . . . . . . . . . . . . . . . . . . . .  0.42 
Aspec t r a t io  . . . . . . . . . . . . . . . . . . . . . . . .  1.29 
Sweep of leeding edge. deg . . . . . . . . . . . . . . . . .  35 
Airfoil   section . . . . . . . . .  Wedge nose. slab sides -with con- 

stant thiclmess of 0.437 inch 

Ventral  fin: 
Exposed =rea. sa_ i n  . . . . . . . . . . . . . . . . . . . . .  8.9 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  3.25 
Sweep of leading edge. deg . . . . . . . . . . . . . . . . .  70.1 

Body : 
Length.in . . . . . . . . . . . . . . . . . . . . . . . . .  36-50 
Dimnter (maxim). in . . . . . . . . . . . . . . . . . . .  3.33 
Diemter (base). i n  . . . . . . . . . . . . . . . . . . . . .  2.67 
Lenah-diaxeter  ratio . . . . . . . . . . . . . . . . . . .  10.96 
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TABLE 11.- FUSELAGE COORDINATES 

Longitudinzl station, i n .  Radius, in. 

0 

2 ,000 

0 

1.2m 6.000 

956 4.000 

330 

8.000 1.506 

10.000 

1.667 11.667 

1.634 

27 750 1.667 

36.300 1.344 
- 
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Relative wind 

Relat ive wind 

Figure 1.- Body =is system. Arrows indimte   pos i t ive  directions of 
forces an& mments. 
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(a) Complete configuration. 

A l l  dimensions are in inches unless otherwise noted. 
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(b) Details of swept  vertical  tails. 

Figure 2.- Concluded. 



C 

. 



. 

Cn 

C 

PI deg 

(b) a 13.3'. 

Figure 3 .- Concluded. 

.o I 

0 

-.OI 

702 



20 

Cn 

7-6 -4 -2 0 2 4 6 8 10 12 14 16 18 

P I  &g 

Figure h. -  Effect of horizontal-tail  position on aerodynemic character- 
istics in sideslip Tor low-wing xodel. M = 1.41. 
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(b) a = 15.3O. 

Figure 4 .- Concluded. 
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(a) a = oO. 

Figwe  5.- Effect of horrzontal-tail position on aerodynmic character- 
istics in sideslip for higk-wing model. El = 1.41. 
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$ Figure 6.- Effect of wing position on the  aerodynamic  characteristics in sideslip. Horizontal u1 ID 

tail off. 
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(b) M = 2.01. 

Figure 6 .- Concluded. 
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Figure 7.- Effect of horizontal-tail 

for 

(a) M = 1.41. 

I 
position on  the  aerodynamic  characteristics in sideslip UI 

low- and  high-wing  models. v 
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(b) M = 2.01 

Figuse 7 .- Concluded. 4 
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Figure 8.- Effect of vertical-.bail. sweep on aerodynamic  characteristics in s idec l ip .  Midwing 
position; no horizontal t a i l .  
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Figure 9.- Efzect of ventre1 fin on the aeroQn.mLc cheracteristics in 
sideslip. Nidving position; no horizontal tail; M = 2.01. 
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